To identify the eaglewood with curves generated by pyrolysis-EGA (Evolved Gas Analyzing), a curve similarity approach is proposed based on improved cosine similarity measure. Firstly, pyrolysis-EGA is be used to obtain the volatilization data and curve of given eaglewood by analyzing evolved gas. Then a data processing method is proposed to solve the difference of emission concentration and the peak shift. Finally, an improved cosine similarity is utilized to matching the different types of eaglewood by compare the sample curve with the datasets constructed by measured curves. The experimental results show that the method of this paper has a good achievement and can find the most similar type of eaglewood.
Introduction
Chinese eaglewood (Chenxiang in Chinese) is the resinous wood of Aquilaria sinensis (Lour.) Gilg, which belongs to the Thymelaeaceae family. It has been used as a sedative, analgesic, and digestive agent for centuries in traditional Chinese medical practices, as well as used as incense in Buddhist, Hindu, and Islamic ceremonies. A wide array of pharmacological properties, such as sedative, laxative, neuroprotective, anti-inflammatory, cytotoxic, antibacterial and acetylcholinesterase inhibitory activities, have been reported for crude extracts or pure compounds from Chinese eaglewood. Previous phytochemical investigations have revealed that sesquiterpenes and 2-(2-phenylethyl) chromone derivatives are two predominant constituents of Chinese eaglewood. As agarwood has become more and more popular in the international market, great efforts were under way to cultivate Aquilaria trees and to afford agarwood by artificial methods in recent years, to meet the demand for agarwood in the form of medicine, incense stick or oil [1] . So, it was important to found a way to identify authenticity of the eaglewood and to recognize the type of unknown eaglewood. Evolved Gas Analysis performed by mass spectrometry (EGA-MS) is a kinetic technique to analyze the data and curve of each eaglewood [2] , so that we can analyze the amount of volatile product or products formed during thermal analysis. In order to identify the type of eaglewood more conveniently, similarity matching is be used to evaluate the product by estimating the obtained data and curve.
Similarity matching is a typical problem in the image processing. Lots of approaches can be used to solve the problem, involving Euclidean Distance, Manhattan Distance, Hu moment, SIFT (Scale-invariant feature transform), Cosine Similarity, and so on. Cosine Similarity is one the most widely used approach which evaluates the similarity by calculating the angle cosine of the vectors of two samples. Xiang Guo used the cosine of angle method to calculate the similarity to match the homologous chromosomes, and he illustrated G-band by gray gradient profile, rather than average gray distribution profile, and achieved a more effective result [3] . Jun Ye considered the information carried by the membership degree and the non-membership degree in Atanassov's intuitionistic fuzzy sets (IFSs) as a vector representation with the two elements, and proposed a cosine similarity measure and a weighted cosine similarity measure between IFSs to apply to pattern recognition and medical diagnosis [4] . Sandeep Tata used cosine similarity to score the similarity between two strings and presented an algorithm of estimating the selectivity of cosine similarity predicates [5] . Lailil Muflikhah used concept space and cosine similarity measurement to solve the document clustering [6] . Therefore, many researches use cosine similarity to evaluate two samples related to special industry, and the real examples show that it is a very effective method.
In this paper, we discuss a technique for identifying the eaglewood based on pyrolysis-EGA method. And then, we make use of similarity matching measure to estimate the type of given eaglewood by comparing the datasets constructed by measured curves. The rest of this paper is organized as follows: Section 2 presents the pyrolysis-EGA method to obtain the standard data and curve of eaglewood; section 3 describes the data processing method and the improved cosine similarity to compute the estimates; section 4 shows the result evaluation; finally, section 5 makes a discussion and conclusion of this work.
Pyrolysis-EGA of Eaglewood

Materials
Chinese eaglewood (resinous wood of Aquilaria sinensis (Lour.) Gilg) is collected in Hainan Province, People's Republic of China. After choosing the Hainan eaglewood, we build ten types of test samples, which coded from 1 to 10.
Methods and Instrumentation
Evolved gas analysis-mass spectrometry (EGA-MS) measurements were carried out in a micro-furnace pyrolyser (Multi-Shot EGA/PY-3030D Pyrolyzer, Frontier Lab) directly coupled with a 5973 Mass Selective Detector (Agilent Technologies, Palo Alto, CA, USA) single quadrupole mass spectrometer via a deactivated and uncoated stainless steel transfer tube (UADTM-2.5N, 0.15mm i.d.×2.5m length, Frontier Lab). The temperature of the micro-furnace pyrolyzer was programmed from 50°C to 700°C at a heating rate of 10°C/min under a helium flow (1mL/min) with a split ratio 1:50. The micro-furnace interface temperature was kept at 320°C and the column oven temperature was maintained isothermal at 300°C. The mass spectrometer was operated in EI positive mode (70 eV, scanning m/z 50-600). The MS transfer line temperature was 300°C. The MS ion source temperature was kept at 230°C and the MS quadrupole temperature at 150°C. Samples of about 0.2 mg were placed into a steel sample cup.
Result of Pyrolysis-EGA Test
Varieties of Chinese eaglewood are analyzed by EGA/MS, Fig.1 shows the analysis result is of the Sample-1. From the EGA thermogram, the abscissas value represents the time of sample decomposition, and the ordinates value represents the abundance of evolved gas. The sample 3 decomposition starts about 6 minutes, and reaches the peak at about 17.9min, while the peak value is about 1510000. Fig. 2 shows the result of Sample 3(1), whose material is the same as Sample 1, while their quantities were difference. Compared Fig. 1 and Fig. 2 , it's obvious that the abundance is related to the amount of the sample closely.
Different thermal pyrolysis datasets and curves are obtained with different samples. Table1 concludes all the results of testing samples, and shows that different samples display different decomposition time and abundance. 
Data Processing and Similarity Matching
From the test results of Pyrolysis-EGA, we can get a set of points and its corresponding curve for each sample. A vector space is constructed by these points, which can be also connected as a spline curve. According to the above feature, the cosine value of two vector spaces, which was the represent of two compared samples, can be used to evaluate the similarity. Two sample vectors are set as vector   
Where cos is the cosine value between vector A and vector B. When the closer the cosine value is to1, the more similar they are. So cos can be a valuable parameter to evaluate the similarity of two samples.
Before computing the cosine value of two vectors of compared samples, the abscissa and ordinate should be the same. Compared Fig. 1 and Fig. 2 , we can see that the abundance of ordinates may be inconsistent, even if the type of samples were the same, because it's the quantity of tested sample that decides the amount of evolved gas. In order to unify the ordinates, all the points in the curve of compared sample should be stretched. The uniform function of ordinate is: After unifying the ordinate, from Fig. 3 , we can see that the peaks and troughs of two curves may be not overlap in the same coordinate system. This phenomenon is called peak shift, which may induce the cosine value between two sample vectors. In addition, there may be many peaks in one curve; a sectional matching measure could be useful and may decrease deviation to matching result. Above these, vector translation could be used to synchronize the abscissas. The function based on the maximum peaks can be described as:
where BPeak . Then, we get the evaluation data by computing the average of . Therefore, the improved cosine similarity matching algorithm can be executed as follows. Result and Evaluation Table 2 shows the result of comparing Sample 3(1) with the datasets that constructed by Sample 1-10. In this table, is the result of unadjusted cosine similarity, we can see that sample 3 and sample 4 get the same similarity, so that the most similar sample can't be recognized. While computing by the improved algorithm, sample 3 is evaluated the most similar sample. In order to further verify the effectiveness of the improved algorithm, a sample named sample 9(1) is chosen, whose type was the same as sample 9. Table 3 shows the test results as follows, and sample 9 is chosen to be the most similar sample. From this table, both two algorithms can obtain the most similar sample from the datasets. It's the improved algorithm, however, could obviously embody the difference of two compared curves. 
Conclusion
In this paper, we have presented the problem of identify the type of eaglewood by comparing the datasets. In order to investigate the composition and volatilization characteristics of eaglewood under high temperature, pyrolysis-EGA was used to get the data and curve. We showed how to analyze and process the data to adapt the improved cosine similarity, which can find the most similar sample. We also compared the results of the traditional cosine similarity measure and improved algorithm to illustrate the effectiveness of the improved algorithm. Directions for future work include evaluating the actual similarity of two objects, and building a complete database based on pyrolysis-EGA for more accurate estimates.
